Migrant workers, particularly gold mining workers, have been identified as a group at risk for HIV and sexually transmitted infections (STI). A cross-sectional study was undertaken on the correlates of human immunodeficiency virus (HIV) and syphilis infections in a sample of migrants (Ghanaian citizens [156] and non-Ghanaian citizens [8]) working in a gold mining centres in Konongo, Ghana. The study was conducted between the months of January 2013 to December 2013. Of a total of 600 eligible migrant workers, only 164 (27.33%; males 114, females 50) of the eligible migrants took part in the study. Subjects voluntarily completed a risk-factor questionnaire and provided blood specimen for testing for the presence of antibodies to HIV and Treponema pallidum, the causative agent of syphilis. These data were analyzed using both univariate and multivariate techniques. The median age of the participants was 29.0 years (range 18 -62 years). Of the 164 migrant workers tested, HIV and syphilis seroprevalence were 6.7% and 3.7% respectively. On multivariate analysis, the independent determinants for HIV infection were being female [odds ratio (OR) 2.94; 95% confidence interval (95% CI 0.86 -10.0); unmarried (OR 10.13; 95% CI 1.2 -81.09); drug use (OR 3.76; 95% CI 0.38 -36.3); and blood transfusion (OR 2.45; 95% CI 0.27 -22.37). Similarly, on multivariate analysis, the independent determinants for syphilis infection were having concurrent sexual partners (OR 2.16; 95% CI 0.38 -12.12); and blood transfusion (OR 5.07; 95% CI 0.51 -50.37). Consistent with similar studies worldwide, our results suggest high prevalence of HIV and syphilis infections among migrant workers who work in gold mining centres in Ghana. A. A. Adjei et al. 133 
Introduction
Human immunodeficiency virus (HIV) has now spread to all parts of the world and the rates of infection are found to be particularly high in those cities with a greater number of migrants [1] [2] . The relation between migration (long-term stay) and mobility (short-term stay), particularly of individuals and/or families from rural areas to cities for economic opportunity, and the high transmission of HIV/sexually transmitted infections (STIs) have been known for several years [2] - [5] . Studies from Africa and Asia have demonstrated a link between migration and multi-partner sexual networking as well as the prevalence of HIV/STIs [6] - [11] . Within these regions, there is growing evidence that the high rates of HIV/STIs among migrant men largely occur by sexual contact with HIV/STIs-infected women, often sex workers, while away from home; the infected men then transmit the virus to wives and other sex partners en route and in their place of origin [2] [4] [9] [12] [13] . Consistent with this pattern, there is growing evidence that migrant and other mobile individuals may act as bridge populations who spread the infections from high to low-risk populations and from urban to rural areas [14] - [17] .
Ghana, one of the growing economies in sub-Saharan Africa, is currently experiencing an uncontrolled increase in number of migrants due to its large gold reserves and recently the discovery of oil in commercial quantities. Ghana operates the world's largest gold mine in Obuasi, Tarkwa, Konongo, Prestea, Akwatia and Mpohor Wassa East. Largely because of Ghana's economic reforms over the last 10 years, there is an influx of large number of migrants from other countries such as South Africa, Kenya, Zimbabwe, Nigeria, Mali, Burkina Faso, Senegal, Cameroon, Gambia, Senegal, China, Europe and the USA who are mostly male, young, and poor have migrated to the mining areas in search of work [1] - [3] [5] [6] [8] [9] [12] [14] [17] . Unsubstantiated data suggest that as many as 1.5 million migrants are living in Ghana, particularly in the mining areas. Due to high rates of unprotected sex and drug use behaviours, Ghana's "floating population" of migrant workers are at risk for HIV/STIs and may play a critical role in the spread of HIV and syphilis in Ghana as has been observed in other countries [18] - [22] . As mobility has increased and the economy has grown, anecdotal reports indicate that commercial sex industry has boomed and HIV and syphilis rates have risen. Separated from home and working long hours in difficult conditions, male migrants may patronize female sex workers, increasing their risk of HIV and helping to fuel epidemics of HIV and syphilis. Within Ghana, there has been little or no information of male or female migrant workers' sexual behaviours and how these may facilitate risks of acquiring and transmitting HIV and syphilis in the country. Recent studies suggest that premarital and extramarital sexual relationships are common among migrant men and women [23] - [25] . Numerous studies also suggest that migrant men living predominantly in male settings and groups [1] - [4] [26] [27] and those who drink alcohol are substantially more likely to engage in risky behaviours such as unprotected sex [28] . Other contributing factors to HIV and syphilis vulnerability include low knowledge of HIV and syphilis transmissions and prevention [9] [10] [29] , availability of cheap sex, singlehood, low perceived vulnerability to HIV and syphilis [9] [10] [28] , and existing cultures of risky sexual behaviours [30] . The uptake of safer sex measures and patterns of health service in these migrant populations is unknown. Also the demographic profile of these young and frequently single migrants and their lack of experience of the Ghana Health System may place these new migrant population or communities at higher risk of sexual ill health and reproductive morbidity compared with the general population. The prevalence of HIV in Ghana is 1.37% (Ghana National AIDS Control Programme, Ghana Health Service 2012 Sentinel Survey); whereas the reported sero-prevalence of Treponema pallidum, the causative agent of syphilis is 0.6% (Ghana National AIDS Control Programme, Ghana Health Service 2012 Sentinel Survey). This work determined the prevalence of HIV and syphilis among migrant workers in Konongo, Ghana. In this study, we also examined the association of HIV with various suggested risk factors for its transmission.
Materials and Methods

Study Site Description
The study is a cross sectional study carried out between the months of January 2013 to December 2013 among migrant workers at Nyaboo, Patriensa, Obenemase and Konogo-Odumase in the Konongo Municipality, small scale illegal mining centres within the Asante Akim District in the Ashanti region of Ghana. Ghana is divided into ten (10) administrative regions, subdivided into a total of 216 districts or municipalities. However, in addition to the four [4] mining centres, there are several legally registered mining centres and other illegal small scale mining centres in Konongo whose activities have resulted in the pollution of all the rivers thereby threatening the health of the people in the area. The study site was chosen because Konongo is the common destination for migrant workers and because they represent the two common types of migration (long term, more than 6 months stay and short term, less than 6 months). In addition, the site is most active, and has one of the largest reserve of mineral deposits. The population of the Municipality is estimated at 41,238 using the 2000 Housing and Population Census as a base and applying a 4% annual growth rate (National Population and Housing Survey, 2000). The predominant occupation in the Municipality is subsistence agriculture; however, with the upsurge of the illegal mining activities in the Municipality, subsistence agriculture is no longer the predominant occupation.
Study Population
Subjects for this study were both male and female migrants. The study was proposed to the entire population of each migrant settling community or group after an explanation of the purpose of the study at a meeting organized for that purpose in each of these groups. They were informed that the study was confidential and that the information provided by the migrants would not affect their immigration status. A total of 600 migrants were invited and recruited for the study, but only 164 migrants consented and were enrolled in the research. Written informed consent was obtained from each consenting participant and the information regarding the protocol and informed consent was presented at the appropriate literacy level. The study was conducted in a confidential manner and random unique study-generated numbers were employed to identify the participants. The Ethical and Protocol Review Committee of the University of Ghana Medical School, Accra, Ghana, approved the study.
Questionnaire
All the 164 consenting participants completed a structured questionnaire assessing socio-demographic characteristics, sexual and drug histories, and a risk factor profile for the infections under investigation. Physical examination was done to evaluate the general health condition of each participant at the study sites.
Sample Collection and Serological Analysis
Blood (10 ml) samples were collected from each of the 164 consenting participants in plain tubes. Samples were centrifuged and the serum kept at −20˚C until analysed. Sera were tested at the Public Health Reference Laboratories, Korle Bu, Accra, Ghana for the presence of antibodies to HIV 1 and 2 (ELISA and Western Blot; Abbot and Cambridge Biotech, respectively), and antibodies to T. pallidum [T. pallidum haemagglutination assay (TPHA) test; Serodia Fujirebio] in accordance with the respective manufacturer's instructions. Repeatedly reactive specimens by ELISA were assayed by Western blotting for confirmation.
Statistical Analysis
The Statistical Analysis Software (SAS Institute, Cary, NC, USA) version 9.1 was used to complete all data analyses. For each generally accepted risk factor for HIV infection, the odds ratio (OR) and the 95% confidence interval (95% CI) were calculated to assess associations with socio-demographic and behavioural variables in univariate analysis. A P-value of <0.05 was considered significant. Independent associations were evaluated by calculating the adjusted OR by multivariate analysis for the socio-demographic behavioural variables found to be significant in the univariate analysis.
Results
Study Population
A total of 164 migrants who worked in gold mining centres in Konongo participated in the study (27.3% of the total of 600 eligible migrants in the four sites studied). The migrants consisted of 156 Ghanaian citizens and 8 non-Ghanaian citizens. Of the 8 non-Ghanaian citizens who worked in the gold mining centres, three (3) were from Cote D'Iviore, two (2) from Togo, two (2) from Burkina Faso and one (1) from Niger. Of the 164 consenting participants, 114 (69.5%) were males (median age was 29 years; range 18 -62), and 50 (30.5%) were females (median age was 27 years; range 19 -54). The participation for the study at the four studied sites ranged from 17.5% (Nyaboo) to 34.1% (Patriensa). All the 164 consenting migrants who worked in the gold mining centres completed interviews and blood testing, and the results herein presented are from these 164 migrants. Data from male and female participants were combined because only 50 out of the 164 consenting participants were females. All the consenting migrants who worked in the gold mining centres were occupationally exposed to the adverse working conditions at the gold mining sites. They engaged in the gold mining activities for various reasons, the most common being the lack of jobs (55.5%), followed by relatively low income (37.2%) and introduction by friends and relatives (7.3%).
Of the 164 migrants who worked in the gold mining centres, 33.5% (55 out of 164) had been working in the same gold mining setting for more than 60 months whilst 66.5% (109 out of 164) had been working in the same gold mining setting for less than 60 months. The most common sign by far on physical examination was pallor in 73.2% (120 out of 164) of the participating migrants, followed by skin lesions (superficial fungal and bacterial infections, and scabies) in 48.8% (80 out of 164) and hypertension (blood pressure ≥ 140/90 mm Hg) in 30.5% (50 out of 164). The most common symptom was loss of appetite in 60.4% of the participating migrants, followed by skin rashes in 20.7% (34 out of 164).
Prevalence of HIV and Syphilis
The overall prevalence of HIV-1 was 6.7% (11 out of 164), with none testing positive for HIV-2. Of the persons who tested positive for HIV-1, 54.5% (6 out of 11) were females, whilst 45.5% (5 of 11) were males. There was no significant difference between them, P > 0.05. Of the eight (8) non-Ghanaian citizens who participated in the study, two (2) were seropositive for HIV-1.
Syphilis infection among the study participants who worked in the gold mining centres was 3.7% (6 out of 164). Of the participants who tested positive for syphilis, 83.3% (5 out of 6) were males, whereas 16.7% (1 of 6) were females. There was no significant difference between them, P > 0.05. None of the 8 non-Ghanaian citizens were seropositive for syphilis antibodies. Table 1 shows the ORs and the corresponding 95% CIs according to age for HIV and syphilis seropositivity among the study participants who worked in the gold mining centres. HIV seropositivity (7 out of 11) was highest in migrants aged 20 -29 years. However, compared with the 20 -29 year group, migrants aged 30 -39 years, who worked in the gold mining centre, were associated with a decreased (OR 0.46; 95% CI 0.09 -2.38) HIV seropositivity. Conversely, the greatest risk of syphilis seropositivity was associated with those in the upper age group (above 50 years) and, to a lesser extent, those in the middle age group (40 -49 years) followed by those in the 30 -39 years age group. There were also no co-infections of HIV and syphilis among participants. Table 2 shows the ORs and corresponding 95% CIs according to duration of stay among the migrants. Shortterm migrants (<6 months), accounting for 25.61% of the study participants had a decreased risk (OR 0.59; 95% CI 0.12 -2.83) of HIV infection and were at an increased risk (OR 1.39; 95% CI 0.24 -7.69) of syphilis infection as compared with long-term (>6 months) migrants who worked in the gold mining centres. Table 3 shows the ORs for HIV and syphilis seropositivity and the corresponding 95% CIs according to the socio-demographic characteristics of the migrants who worked in gold mining centres. Female migrants who worked in the gold mining centres had a 2.94-fold (95% CI 0.86 -10.0) of HIV infection and a decreased risk (OR 0.44; 95% CI 0.05 -3.84) of syphilis infection as compared with male migrants who worked in the gold mining centres. Migrants who worked in the gold mining centres and had attained a formal secondary level education, accounting for 14.63% of study participants, were at an increased risk (OR 1.28; 95% CI 0.17 -10.0) of HIV infection as compared with illiterate migrants and those who attained basic and tertiary levels of education. Unmarried migrants who worked in the gold mining centres accounting for 52.44% of the study participants, had 10.13-fold (95% CI 1.2 -81.09) higher risk of HIV infection as compared with married migrants. Compared to Christian migrants who worked in the gold mining centres, the greatest risk of syphilis seropositivity was associated with migrants who practiced other religions (OR 9.09; 95% CI 0.78 -100.0) and Muslims (OR 4.76; 95% CI 0.73 -33.33) who worked in gold mining centres. However, all migrants who were seropositive to HIV were Christians ( Table 3) . Non-Ghanaians citizens who worked in the gold mining centres, accounting for 4.89% of the study participants, were at an increased risk (OR 5.26; 95% CI 0.85 -33.33) of HIV infection as compared with Ghanaian citizens who worked in the gold mining centres. Table 4 shows the ORs for HIV and syphilis seropositivity and corresponding 95% CI according to behavioral characteristics of the study participants. Migrants who worked in the gold mining centres and with concurrent sexual partnerships had 2.16-fold (95% CI 0.38 -12.12) higher risk of syphilis infection as compared with those who do not have concurrent sexual partners. Migrants who worked in the gold mining centres reporting a previous history of drug use, alcohol use, STDs, tattoos, and blood transfusion were all associated with increased HIV seropositivity as compared with migrants reporting no such previous history ( Table 4) . Migrants who worked in the gold mining centres reporting no knowledge of HIV and syphilis had a 1.6-fold (95% CI 0.18 -13.96) increased risk of HIV seropositivity. 
Risk Factors
Discussion
Migration (long term or short term) is a major contributor to the HIV/AIDS epidemics and syphilis infection as it increases the number of sexual partnerships as well as contacts with high-risk groups such as commercial sex workers. Growing evidence suggest that migrants and other mobile individuals act as bridge populations who spread the infections from high-risk to low-risk populations and regions as well as urban to rural areas [14] - [17] . Subsequently, knowledge of the prevalence, risk factors and distribution of HIV/AIDS, blood-borne viruses and STDs in different parts of the world, particularly in Africa, is important for the planning of preventive measures and the development of vaccination programmes. Furthermore, the comparison of their prevalence and the risk factors among migrant workers and the general population in the same geographical area is important to provide a basis for action, and changes in public health policy, education and clinical practice. The purpose of this study was to determine correlates of HIV and syphilis infections among migrants (Ghanaians and non-Ghanaians) who work in gold mining centres in Konongo, Ghana. To our knowledge, this is the first study in Ghana reporting correlates of HIV and syphilis infections in migrants who work in gold mining centres and demonstrates the high prevalence of and the considerable potential for the transmission of HIV and syphilis infections in gold mining communities in Ghana. Although there is no report from the Ministry of Health and The Ghana AIDS Commission, Accra, Ghana on the HIV and syphilis infections among migrants working or who worked in gold mining centres, this study found very high overall prevalence rate of HIV (6.7%) as compared to the prevalence rate (1.37%) of HIV in the general population (Ghana National AIDS Control Programme, Ghana Health Service 2012 Sentinel Survey). However, the seroprevalence of syphilis (3.7%) among migrants working or who worked in the goal mining centres was higher (0.6%) compared to that previously reported in the general population (Ghana National AIDS Control Programme, Ghana Health Service 2012 Sentinel Survey). The results of the present study support previous reports that migrants represent a high-risk group for HIV and syphilis infections [1] [17] . However, further studies with a large number of migrants working in the gold mining centres will be necessary to draw a definitive conclusion
The risk of HIV and syphilis infections did not correlate with increasing age; however, all the study participants who were seropositive to HIV-1 (11 out of 164; Table 1 ) infection were in the 20 -49 years aged group. The finding of higher HIV antibody prevalence in migrants aged 20 -49 years who work in the gold mining centres in Konongo, Ghana is consistent with literature, and is widely attributable to work-related behaviours, life styles and attitudes practiced on the mining settings, although transmission of HIV has also been documented among migrants outside the gold mining setting [1] [2] [31]- [33] . The overall sero-prevalence of HIV (6.7%) and syphilis (3.7) infections among migrants who worked in the gold mining centres in Ghana is higher than the results of similar studies in migrants who worked in gold mining workers in China (HIV, 0.78%; syphilis, 1.8%) [38] but comprable to the reported HIV sero-prevalence of 6.0% in migrants who worked in gold mining centres in Tanzania [33] . However, the sero-prevalence of syphilis in the migrants who worked in gold mining centres in Tanzanian is higher (9.0%) [33] than those in Ghana (3.7%). The increased sero-prevalence of HIV (6.7%) and syphilis (3.7%) in migrants who worked in gold mining centres in Ghana suggests that HIV and syphilis infections may be widespread in gold mining workers in the country and therefore reasonable to speculate that HIV and syphilis may circulate in the general population in mining communities. Another finding of interest reported herein in our study is that there was no association between seropositivity of HIV and syphilis infections among the study participants who had been working in the same gold mining centres for more than 6 months (long-term); although a greater proportion of long-term migrants were seropositive to HIV (9 out of 11; Table 2 ) and syphilis (4 out of 6; Table 2 ) as compared to those who had been working in the same gold mining centres for less than 6 months (short-term). The reason(s) for this disparity cannot be discerned from our study. However, it is likely due to the relatively small population group of migrants who participated in the study; and that it is also probable that the majority of the eligible migrants who may have been at higher risk of HIV or syphilis behaviours that may lead to detection declined to participate despite re-assurance of confidentiality and no change in their immigration status. Further studies need to be done to define the high prevalence of HIV, syphilis infections and other STIs associated with short-term and long-term migrants who worked or have been working in mining communities and the impact of HIV, syphilis infections and other STIs on the local population in the mining communities.
HIV seroprevalence rate was particularly high in unmarried migrants who work in the gold mining centres as compared with married migrants ( Table 3 ). The finding of higher HIV seropositivity in unmarried migrants is consistent with literature, and is widely attributable to separation from partners and family, peer pressure, alcohol and drug use, low perceived vulnerability to HIV infection, limited access to health care, low level of education, loneliness, insecurity and freedom from social norms [1] - [6] [36] [37] . The presence of HIV seropositivity among unmarried migrants who work in gold mining centres in Konongo suggests that migrants may be a bridge or core population in the spread of HIV infection in gold mining centres in Ghana and may signify recent introduction of HIV into these gold mining centres. This is necessary because several reports indicate that migrants are often considered bridge or core populations for acquiring and transmitting HIV and STIs from high-risk groups to low-risk groups [1] [38] [39] . There is therefore the need to investigate migrants working in other gold mining centres and the population around the mining communities to ascertain whether there had been any earlier HIV and syphilis infections within the mining communities. There is also the need for further studies to define the clinical and epidemiological importance and pathogenesis of HIV and syphilis infections in the migrant population and within the community.
There was an association between HIV and syphilis infections and a previous history of drug use, alcohol use, STI, tattoos, blood transfusion and knowledge of HIV/syphilis Table 4 ). The results of our study are consistent with current literature suggestive that mining communities are high risk for HIV and STI transmission, largely due to the temporary nature of the work and associated disruptive social ties [1] - [6] [36] .
Of interest, all migrants who worked in the gold mining centres studied and were seropositive to HIV and syphilis infections had no previous history of condoms use ( Table 4) . Our results are in agreement with others conducted elsewhere which suggest that non-regular and inconsistent use of condoms may increase the transmission of HIV and STIs [40] - [42] . Based on our results and coupled with the proliferation of drinking bars and other recreational facilities in Konongo, and the influx of migrants, there is the need to provide general HIV/STI education to all the sectors of the community. This is necessary because we found low level of condom use among the study participants.
The small sample size, inability to collect information on sexual practices prior to migration, under-reporting of sexual activity, alcohol use and other risk behaviours as a result of the face-to-face interview, failure to explore or define the effects of separation from families and cultural factors in predicting risk behaviours of mi-grants, may be the limitations of this study. The detection and prevalence of HIV and syphilis infections in migrants who work in gold mining centres in Konongo may not reflect the situation among migrants in other gold mining centres in the country. This is because of district and regional differences in terms of demographics, economic conditions, and illicit drug availability and use. Further studies need to be done to define clearly the natural history of HIV and syphilis infections and transmission in Ghana in order to effectively control and prevent the spread HIV and syphilis among migrants and mining communities.
The results reported herein have significant implications for public health officials, clinicians, officials at the Ghana Health Service, Ghana AIDS Commission and the Ministry of Health and suggest urgent need for the introduction of policies to prevent the transmission of HIV on mining centres and the general population. These policy strategies must include increasing education of persons who work in mining centres and communities around the mining centres about HIV, STIs testing, prevention and control. The implementation of a HIV, STI infections prevention programme in mining centres and mining communities in Ghana should be seen as an opportunity to improve the health status of the infected persons who work in the mines and the residents in the mining communities and to prevent further transmission of HIV, STIs within and without the mining settings.
Conclusion
In conclusion, our results suggest that migrants who work in gold mining centres are at increased potential risk of HIV and syphilis infections. The high prevalence of HIV and syphilis infections found in migrants who work in the gold mining centres in Konongo, Ghana, suggests the urgent need for the introduction of some of the range of effective preventive strategies employed in gold mining centres elsewhere.
